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(54) AQUEOUS POLYTETRAFLUOROETHYLENE DISPERSION COMPOSITION AND USE 
THEREOF 

(57) The present invention provides an aqueous 
polytetraf luoroethylene dispersion composition charac- 
terized in that the composition comprises 30 to 65 wt. % 
of polytetrafluoroethylene and a polyoxyethylene alkyl 
ether in an amount of 2 to 10 wt. % based on the poly- 
tetrafluoroethylene, the polyoxyethylene alkyl ether 
being represented by the formula 

RO(CH 2 CH 2 0)nH 

wherein R is a saturated or unsaturated hydrocarbon 
group having 8 to 18 carbon atoms, and n is 5 to 18, 
having a cloud point of over 45 °C to not higher than 85 
°C and containing 65 to 70 wt. % of ethylene oxide in the 
molecule. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a composition which is an aqueous polytetrafluoroethylene dispersion as concen- 
trated, and to the use thereof. The aqueous polytetrafluoroethylene dispersion composition of the invention is useful, for 
example, for coating base materials such as glass fibers, carbon fibers and aramide fibers (hereinafter referred to as 
"fbrous base materials") for preparing conveyor belts, roof materials (tent fabrics) for architectural fabric structure, 
packings, high-frequency printed boards, etc., and is also suited as it is for use as a battery binder and a material for 

10 coating compositions. 

BACKGROUND ART 

It is already known to concentrate an aqueous polytetrafluoroethylene dispersion by adding a surfactant to the dis- 
15 pension, thereafter heating the dispersion to form a transparent aqueous solution as an upper layer and to concentrate 
polymer particles as contained in a lower aqueous layer, and removing the upper layer by decarrtation. The surfactant 
used is an ethylene oxide adduct of an alkylphenol (polyaxyethylene alkyl phenyl ether). However, the concentrated dis- 
persion has many problems, such as those given below, for use in impregnating fibrous base materials. 

20 (1) In the impregnating-baking step, the surfactant thermally decomposes, converting into a harmful organic aro- 
matic compound (such as benzene, toluene or xylene) as an exhaust gas to cause air pollution. 
(2) The surfactant partially undergoes thermal decomposition to produce a tarlike substance, which accumulates 
on the inner wall of the baking furnace of the impregnating-baking apparatus. The substance falls onto or adheres 
to the fibrous base material passing through the furnace to lower the yield from the viewpoint of quality. 

25 . (3) The surfactant, which is difficult to thermally decompose or dissipate, partly remains in the ftorous base material 
after baking, assuming a brown color to seriously impair the hand of the impregnated material. 
(4) Because the remaining portion of the surfactant is carbonized, use of the impregnated material in preparing 
high-frequency printed boards entails impaired electric characteristics. 

30 When the dispersion is used as a battery binder, the surfactant is left undissipated almost entirely under the drying 
condition (about 250 to about 300 °C) for the electrode material, remaining in the electrode material and contributing to 
impaired performance. 

To solve these problems, aqueous polytetrafluoroethylene dispersion compositions are known in which an ethoxy- 
lated aliphatic alcohol (polyoxyethylene alkyl ether) is used (see, for example, JP-B-21 532/1977). It is known that pdy- 

35 oxyethylene alkyl ethers are lower than polyoxyethylene alkyl phenyl ethers in decomposition temperature, therefore 
readily dissipate on thermal decomposition in many cases, are less likely to remain in polymers, and form films which 
are apparently advantageous in yellow index of plastics (ASTM D-1925- 63T) measured. 

Polyoxyethylene alkyl ethers, which contain no benzene ring in the structure, do not convert into a harmful organic 
aromatic compound (such as benzene, toluene or xylene) on thermal decomposition, giving rise to no air pollution. 

40 Thus, the aqueous polytetrafluoroethylene dispersion comprising a polyoxyethylene alkyl ether has various advantages 
and yet is not in wide use because in the field of fibrous base materials impregnated with aqueous polytetrafluoroethyl- 
ene dispersions wherein the dispersion is used most frequently, the following properties are required of the dispersion. 

(1) For impregnation, the dispersion is relatively stabilized in viscosity and low in viscosity-temperature depend- 
45 ence. 

(2) The dispersion has a relatively low viscosity of 1 0 to 30 cp at room temperature (25 °C) and smoothly penetrates 
into fibrous base materials. 

(3) When the dispersion is repeatedly applied in layers, the resulting coating still remains free of cissing or coagu- 
lation. 

50 

JP-B-21 532/1 977 mentions nothing about such impregnation. 

We have conducted intensive research on the invention of JP-B-21 532/1 977 and found that this invention is char- 
acterized by using as surfactants two kinds of polyoxyethylene alkyl ethers, i.e., one having a cloud point of up to 45 °C 
and the other having a cloud point at least 10 °C higher than the former and not lower than 50 °C. Examples of the 
55 invention indicate that the ethylene oxide content is as high as 73.5 to 82 wt % to give marked hydrophilic properties, 
such that when the composition is applied repeatedly, cissing occurs. 

An object of the present invention is to provide an aqueous polyoxyethylene alkyl ether dispersion composition hav- 
ing excellent impregnating properties, releasing none of harmful organic aromatic compounds such as benzene into the 
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atmosphere and less likely to cause pollution. 

Another object of the invention is to provide a coated product which is diminished in the amount of residue (carbide) 
of a surfactant, has good hand (high degree of whiteness) and is also excellent in electric properties. 

Another object of the invention is to provide a binder for use in batteries which is excellent in electric characteristics, 
5 or a coating composition for giving a clear color of high lightness. 

DISCLOSURE OF THE INVENTION 

The present invention provides an aqueous polytetrafluoroethylene dispersion composition characterized in that 
io the composition comprises 30 to 65 wt % of polytetrafluoroethylene and a polyoxyethylene alkyl ether in an amount of 
2 to 10 wt. % based on the polytetrafluoroethylene, the polyoxyethylene alkyl ether being represented by the formula 

RO(CH 2 CH 2 0)nH 

is wherein R is a saturated or unsaturated hydrocarbon group having 8 to 18 carbon atoms, and n is 5 to 18, having a 
cloud point of over 45 °C to not higher than 85 °C and containing 65 to 70 wt. % of ethylene oxide in the molecule. The 
invention relates also to the use of the composition. 

Although the polytetrafluoroethylene present in the aqueous polytetrafluoroethylene dispersion of the present 
invention can be of any particle size, the preferred particle size is usually 0.15 to 0.40 um. The aqueous poiytetrafluor- 

20 oethylene dispersion as prepared, which generally contains 25 to 35 wt. % of polytetrafluoroethylene, is heated in the 
presence of the surfactant specified above and thereby separated into two layers to obtain the desired concentrated 
aqueous polytetrafluoroethylene dispersion containing 30 to 65 wt. % of polytetrafluoroethylene. 

The polytetrafluoroethylene includes not only a homopoiymer of polytetrafluoroethylene but also a modified poly- 
tetrafluoroethylene prepared by copolymerizing tetrafluoroethylene with other copolymerizable monomer in a small 

25 amount that will not impart fluidity to the modified product on melting. Examples of such copolymerizable monomers 
are hexafluoropropene, chlorotrifluoroethylene, perfluoro(alkyl vinyl ether), perfluoro(alkoxy vinyl ether), trif luoroethyl- 
ene and perf luoroalkylethylene. While the proportion of the monomer to be copdymerized varies depending on the kind 
of the monomer, for example, a perf!uoro(alkyl vinyl ether) or perfluoro(alkaxy vinyl ether) is used for copolymerization 
usually in an amount of up to 2 wt%, preferably 0.01 to 1 wt.%. 

30 The surfactant to be used in the invention is represented by the formula 

RO(CH 2 CH 2 0)nH 

wherein R is a saturated or unsaturated hydrocarbon group having 8 to 18 carbon atoms, and n is 5 to 18. has a cloud 

35 point of over 45 °C to not higher than 85 °C and contains 65 to 70 wt. % of ethylene oxide in the molecule. Examples of 
preferable hydrocarbon groups are octyt, decyl. tridecyl, stearyl, lauryl, cetyl and oleyl. ft is important that the surfactant 
have a cloud point of over 45 °C to not higher than 85 °C and contain 65 to 70 wt. %, preferably 65.5 to 68 wt. %, of 
ethylene oxide in the molecule. One or at least two surfactants of the type described are usable. When the aqueous dis* . 
persion is concentrated by the method described, the surfactant becomes incorporated in the resulting concentrate in 

40 an amount of at least 2%. If the surfactant content exceeds 1 0%, the surfactant gives the aqueous dispersion prepared 
an increased viscosity and impaired viscosity-temperature dependence, apparently remaining in the fibrous base mate- 
rial impregnated with the dispersion to produce an undesirable result. 

In impregnating fibrous base materials with the aqueous polytetrafluoroethylene dispersion, the ethylene oxide 
content of the surfactant exerts a great influence not only on the basic properties of the dispersion such as viscosity and 

45 viscosity-temperature dependence but also on the impregnating properties thereof such as the wetting property and 
surface tension of the polymer. 

When the surfactant, i.e., polyoxyethylene alkyl ether, as used singly or in the form of a mixture for the aqueous pol- 
ytetrafluoroethylene dispersion is less than 65 wt. % in ethylene oxide content, the dispersion has an excessively high 
viscosity at room temperature (25 °C) and is not suited to impregnation. If the fibrous base material is impregnated with 

so the dispersion, an excess of resin will deposited on the f foers by a single application, rendering the coating liable to 
develop mud cracks. Such an aqueous dispersion exhibits great viscosity-temperature dependence as shown in FIG. 
1 , is prone to become more viscous with a slight rise in temperature, and is difficult to control in viscosity. 

The amount of resin to be deposited on the base material per application by impregnation depends largely on the 
viscosity of the aqueous dispersion, and when having great viscosity-temperature dependence, the aqueous dispersion 

55 has problems in quality. 

If the ethylene oxide content exceeds 70 wt. %. on the other hand, the dispersion becomes excessively hydrophilic, 
with the result that when the fibrous base material impregnated with the dispersion the second time and further repeat- 
edly, cissing is likely to occur on the polytetrafluoroethylene coating on the base material. 
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Similarly, the cloud point of the surfactant is also an important facta. Generally the cloud point rises with an 
increase in the number of moles added of ethylene oxide which is the hydrophilic group of the surfactant For the reason 
already given, therefore, the cloud point also affects the impregnating properties. According to JP-B-21 532/1 977. a 
polyoxyethylene alkyl ether of low cloud point (30 to 45 °C) is used in concentrating an aqueous polytetrafluoroethylene 

5 dispersion, and a surfactant of high cloud point is added to give improved storage stability at room temperature (25 °C). 
However, the cloud point of the former surfactant is approximate to room temperature and too low, so that even if 
the aqueous dispersion is allowed to cool to room temperature, it is difficult to obtain a transparent supernatant after 
concentration and to separate off a concentrated aqueous polytetrafluoroethylene dispersion. Furthermore, since the 
supernatant occurs readily at room temperature (further progress of concentration), the latter surfactant must be added 

io in an early stage for stabilization. Consequently, although a highly concentrated aqueous polytetrafluoroethylene dis- 
persion is available from the concentration step, addition of an aqueous solution of the latter surfactant reduces the con- 
centration of polytetrafluoroethylene in the aqueous dispersion, conversely increasing the surfactant concentration. 

On the other hand, the polyoxyethylene alkyl ether having a cloud point of over 45 °C to not higher than 85 °C and 
used in the invention affords an aqueous polytetrafluoroethylene dispersion having a relatively high storage stability 

is without adding the latter surfactant or with use of only a small amount of the latter surfactant. 

Thus, the invention provides an aqueous polytetrafluoroethylene dispersion having a high solids content and low 
surfactant concentration by a method which basically differs from the method disclosed in JP-B-21 532/1 977. In fields 
other than the field of impregnation, i.e., in the field, for example, of battery tenders, there is a demand for such aqueous 
polytetrafluoroethylene dispersions. While the aqueous polytetrafluoroethylene dispersion of the invention is useful, for 

20 example, for coating fibrous base materials to prepare conveyor belts, roof materials (tent fabrics) of architectural fabric 
structure, packings, high-frequency printed boards, etc., the (Aspersion is also suited for use as a battery binder and 
material for coating compositions. 

Examples of base materials are glass fibers, Kevlar fibers, carbon fibers, ceramic fibers, metal fibers, silicon car- 
bide ffoers. etc. An electrode material for batteries, for example, for nonaqueous electrolyte cells called lithium cells 

25 wherein Li is used as the negative electrode active substance is prepared by adding 1 to 20% of polytetrafluoroethylene 
to a powder of positive electrode active substance such as carbon fluoride or manganese dioxide, kneading the mixture 
with heating and rolling the mixture. At this time, the polytetrafluoroethylene is supplied in the form of an aqueous dis- 
persion, and the desired surfactant is one which is easily thermally decomposable. 

Pigments, solvents, additives, etc. are usable for preparing coating compositions. Suitable pigments are those hav- 

30 ing such thermal resistance as to free of degradation at temperatures not lower than the melting point of polytetrafluor- 
oethylene. Stated more specifically, examples of inorganic pigments usable are compound oxide pigments comprising 
combinations of oxides of Cr, Ti, Co, Ni, Fe, Mn, Cu, Sb, etc., calcined pigments such as cadmium pigments, carbon 
black, ultramarine, etc. Examples of organic pigments usable are Phthalocianine Blue. Phthalocyanine Green, peryl- 
ene-type pigments, etc. as improved in heat resistance. The pigment is used in an amount of about 1 to about 40 wt. % 

35 based on the weight of polytetrafluoroethylene. It is usually desired that the pigment be added in the form of a slurry. 
Also usable are commercial aqueous coloring agents intended for fluorine-containing resins and containing about 1 to 
about 50 wt % of such pigments. 

Examples of useful solvents are N.N-dimethylformamide, N.N-dimethylacetamide, N-methyl-2-pyrrolidone, dime- 
thyl sulfoxide, methyl ethyl ketone, methyl glycol acetate, 2-nitropropane, ethylene glycol acetate, toluene, etc. 

40 Examples of additives are fillers such as glass, talc, mica, clay, Si0 2 , Ti0 2 , Al 2 0 3 and ceramic compounds, thick- 
eners such as methyl cellulose, coating composition additives such as leveling agents, etc. 

Such additives can be used in an amount of 0.1 to 40 parts per 100 parts of the dispersion. The coating composition 
obtained can be used as such for metal cooking utensils (frying pans), household electric devices such as irons and 
jars, industrial machines such as copying machine rolls. 

45 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a graph showing the viscosity-temperature dependence of aqueous polytetrafluoroethylene dispersions of 
Example 3 and Comparative Examples 3 and 5. 

50 

BEST MODE OF CARRYING OUT THE INVENTION 

The present invention will be described in greater detail with reference to the following examples. The percentages 
are by weight unless otherwise specified. The amounts of the components used other than that of fluorine-containing 
55 resin are all expressed in percent by weight based on the weight of the fluorine-containing resin. In the following 
description, HLB=ethylene content/5. 
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Example 1 

A starting aqueous dispersion of polytetrafluoroethyiene particles was prepared by an emulsion polymerization 
process wherein tetrafluoroethylene was polymerized with stirring under pressure in an aqueous solution of polymeri- 

5 zation emulsifier such as ammonium polyfluorocarboxylate in the presence of ammonium persuffate or succinic acid 
peroxide serving as a polymerization initiator. The dispersion contained 30% of the polymer based on the weight of the 
dispersion, and the polymer was 0.20 in mean particle diameter. To the dispersion was added 10% (based on the 
weight of solids of the polymer) of a nonionic surfactant represented by C 13 H270(CH 2 CH20)nH [registered trademark 
" DISPANOL TOC (product of Nippon Oils & Fats Co.. Ltd.), about 8.5 in n, the number of moles of ethylene oxide 

w added, 49 °C in cloud point and 65% in calculated ethylene oxide content]. Aqueous ammonia was further added to the 
dispersion in an amount sufficient to raise the pH of the dispersion from about 3 to about 10. The resulting dispersion 
was gently stirred for several minutes, heated at 55 °C and allowed to stand for 24 hours. A transparent supernatant 
produced was removed to obtain a concentrated dispersion, which was about 70% in solids content and about 2.7% in 
surfactant (DISPANOL TOC) content based on the weight of the dispersion. 

15 To 1 liter of this dispersion as a specimen was further added about 3.3% of DISPANOL TOC to adjust the specimen 
to a solids content of about 60% and surfactant content of about 6%. 

Example 2 

20 The same procedure as in Example 1 was repeated with the exception of changing the nonionic surfactant from 
DISPANOL TOC to a surfactant represented by C 13 H270(CH2CH 2 0)nH [product of Nippon Oils & Fats Co., Ltd., about 
9.5 in n, 58.8 °C in cloud point and 65.5% in calculated ethylene oxide content]. The dispersion concentrate obtained 
was about 66% in solids content and about 2.4% in surfactant content based on the weight of the dispersion. To 1 liter 
of this dispersion as a specimen was further added 3.6% of the surfactant to adjust the specimen to a solids content of 

25 about 60% and surfactant content of about 6%. 

Example 3 

The concentration procedure of Example 1 was repeated. To 1 liter of the dispersion as a specimen were added 
30 about 2% of DISPANOL TOC, and about 1 .3% of a nonionic surfactant represented by C 12 H2 5 0(CH 2 CH 2 0)nH [regis- 
tered trademark "EMULGEN 120" (product of Kao Co., Ltd.), about 1 1 .7 in n, 98 °C in cloud point and 76% in calculated 
ethylene oxide content] to adjust the specimen to a solids content of about 60% and surfactant content of about 6%. 
The ethylene oxide content of the surfactant mixture in the dispersion was 67.5%. 

35 Example 4 

The same procedure as in Example 1 was repeated with the exception of changing the nonionic surfactant from 
DISPANOL TOC to a surfactant represented by C 13 H270(CH 2 CH20)nH [product of Nippon Oils & Fats Co., Ltd., about 
10.5 in n, 72.6 °C in cloud point and 68.0% in calculated ethylene oxide content]. The dispersion concentrate obtained 
40 was about 65% in solids content and about 2.5% in surfactant content. To 1 liter of this dispersion as a specimen was 
further added 3.5% of the surfactant to adjust the specimen to a solids content of about 60% and surfactant content of 
about 6%. 

Comparative Example 1 

45 

The same concentration procedure as in Example 1 was repeated with the exception of changing the nonionic sur- 
factant from DISPANOL TOC to Nonion P-208 [C 16 H330(CH2CH 2 0)nH, product of Nippon Oils & Fats Co.. Ltd., about 
8.0 in n, 48 °C in cloud point and 59.5% in calculated ethylene oxide content], whereas it was impossible to obtain any 
concentrate. 

so 

Comparative Example 2 

The same concentration procedure as in Example 1 was performed with the exception of changing the surfactant 
from DISPANOL TOC to EMULGEN 108 [C 12 H 25 0(CH 2 CH 2 0)nH. product of Kao Co., Ltd., about 6.3 in n, 40 °C in 
55 cloud point and 60.5% in calculated ethylene oxide content], whereas it was difficult to detect the interface between the 
concentrated aqueous polytetrafluoroethyiene dispersion and the supernatant. The resulting dispersion was 61 .5% in 
solids content and 2.5% in surfactant content. To 1 liter of this dispersion as a specimen was further added 3.5% of the 
surfactant to adjust the specimen to a solids content of about 60% and surfactant content of about 6%. The dispersion 
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obtained had an excessively high viscosity and deposited an increased amount of resin by a single application when 
tested for impregnation, consequently developing mud cracks and faults in the coating. 

Comparative Example 3 

The same concentration procedure of Example 1 was performed using a lot lower in cloud point, of the surfactant 
DISPANOLTOC (product of Nippon Oils & Fats Co., Ltd.), i.e.. C 13 H270(CH2CH 2 0)nH [about 8.3 in n. 44.5 °C in cloud 
point and 64.5% in calculated ethylene oxide content]. The dispersion concentrate obtained was about 69.3% in solids 
content and about 2.9% in surfactant content based on the weight of the dispersion. To 1 liter of this dispersion as a 
specimen was further added 3.1% of the surfactant to adjust the specimen to a solids content of about 60% and sur- 
factant content of about 6%. The dispersion obtained had a slightly high viscosity of 55 cp at 25 °C. The dispersion had 
great viscosity-temperature dependence as shown in FIG. 1, increasing in viscosity with a slight rise in temperature. 
Like the dispersion of Comparative Example 2, this dispersion was not suited for impregnation. 

Comparative Example 4 

For comparison, the same concentration procedure as above was performed with the exception of replacing DIS- 
PANOL TOC by Triton X-100 [CsH^Ce^OfCHgCHgOJnH. product of Union Carbide Corporation, about 9.0 in n, 65 °C 
in cloud point and 67.5% in ethylene oxide content] to obtain a dispersion having a solids content of about 65% and sur- 
factant content of about 3.2%. To the dispersion was added 2.8% of Triton X-100 to adjust the dispersion to a solids 
content of about 60% and surfactant content of about 6%. The dispersion had the problem of air pollution and faults 
such as impaired hand. 

Comparative Example 5 - 

The concentration procedure of Example 1 was repeated. To Miter of the dispersion as a specimen were added 
about 0.4% of DISPANOL TOC, and about 2.9% of a nonionic surfactant represented by C^hfesOfCHgCHgOJnH [reg- 
istered trademark "EMULGEN 120" (product of Kao Co., Ltd.), about 1 1 .7 in n, 98 °C in cloud point and about 76.5% in 
calculated ethylene oxide content] to adjust the specimen to a solids content of about 60% and surfactant content of 
about 6%. The ethylene oxide content of the surfactant mixture in the dispersion was 70.5% . When the dispersion 
obtained was 

repeatedly applied to a base material in an impregnation test, cissing occurred on the second and subsequent pdy- 
tetrafuoroethylene coatings on the base material. 

Comparative Example 6 

The same procedure as in Example 1 was performed except that the surfactant used was C 8 H 17 0(CH2CH 2 0)nH 
[product of Nippon Oils & Fats Co., Ltd., about 7.0 in n, 67.6 °C in cloud point and 70.5% in calculated ethylene oxide 
content], whereas it was impossible to obtain any concentrate. 
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Table 1 



5 


surfactant for concentra- 
tion 


Example 






1 


2 




kind 


C 13 H 2 70(CH2CH 2 0)nH 


C 13 H 2 70(CH 2 CH 2 0)nH 


10 


n 

amount 


8.5 
10% 


9.5 
10% 




cloud point 


49°C 


58.8°C 




EO content 


65% 


65.5% 


15 

- 


HLB 


13.0 


13.1 




dispersion concentrate 






• 


solid content 


70% 


66% 


20 


surfactant content 


2.7% 


2.4% 




surfactant for adjustment 








kind 


C 13 H 27 0(CH2CH20)nH 


C 13 H 27 0(CH 2 CH 2 0)nH 




n 


8.5 


9.5 


25 


amount 


3.3% 


3.6% 




cloud point 


49°C 


58.8°C 




EO content 


65% 


65.5% 


30 \ 


HLB 


13.0 


13.1 




dispersion prepared 








solid content 


60.3% 


60.0% 




surfactant content 


5.8% 


5.9% 


$5 


viscosity 


18.5cp 


22.0cp 




PH 


9.4 


9.8 




specific gravity 


1.522 


1.515 


40 


cloud point 


49°C 


58.8°C 




EO content 


65% 


65.5% 




HLB 


13.0 


13.1 



45 



50 



55 
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Table 2 



surfactant for concentra- 
tion 


Example 




3 


A 
*r 


kind 


C 13 H270(CH 2 CH 2 0)nH 




o 1 3 n 2 7 w ^ w n 2 n n 


n 


8.5 








10.5 


amount 


10% 








luvo 


cloud point 


49°C 








"TO COO 

72.D O 


EO content 


65% 








COO/ 


HLB 


13.0 








13.5 


dispersion concentrate 






solid content 


70% 










surfactant content 


2.7% 










surfactant for adjustment 






Kino 


® 
© 


C 12 H 2 50(CH 2 CH 2 0)nH 
C 13 H 27 0(CH2CH 2 0)nH 


Ci 3H 27 0(CH 2 CH 2 0)nH 


n 


® 


11.7 


© 


8.5 


10.5 


amount 




1.3% 


© 


2.0% 


o CO/ 

3.5% 


cloud point 


© 


98°C 


© 


49°C 


72.6°C 


EO content 


67.5% 








68% 


HLB 


13.5 








13.6 


dispersion prepared 






solid content 


60.8% 








60:2% 


surfactant content 


6.0% 








6.4% 


viscosity 


21.9cp 








23.8cp 


pH 


9.5 








9.4 


specific gravity 


1.528 








1.518 


cloud point 


59.6°C 








72.6°C 


EO content 


67.5% 








68.0% 


HLB 


13.5 








13.6 
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Table 3-1 





surfactant fa concentra- 






Comparative Example 




5 


tion 
















1 


2 


3 






Ci6H330(CH2CH 2 0)nH 


C 12 H 25 0(CH 2 CH 2 0)nH 




10 


n 


8.0 




6.3 




8.3 




amount 


10% 




10% 




10% 




cloud point 


48°C 




40°C 




44.5°C 




EO content 


59.5% 




60.5% 




64.5% 


15 


HLB 


11.9 




12.1 




12.9 




dispersion concentrate 










solid content 


impossible to concentrate 


61.5% 




69.3% 


20 


surfactant content 






2.5% 




2.9% 



Table 3-2 



surfactant for adjustment 


Comparative Example 




1 


2 


3 


kind 




C 12 H 25 0(CH 2 CH 2 0)nH 


C 13 H 27 0(CH 2 CH 2 0)nH 


n 




6.3 


8.3 


amount 




3.5% 


3.1% 


cloud point 




40°C 


44.5°C 


EO content 




60.5% 


64.5% 


HLB 




12.1 


12.9 


dispersion prepared 








solid content 




60.0% 


60.2% 


surfactant content 




5.8% 


5.9% 


viscosity 




240cp 


55.5cp 


pH 




9.8 


9.4 


specific gravity 




impossible to measure 


1.522 


cloud point 




40°C 


44.5°C 


EO content 




60.5% 


64.5% 


HLB 




12.1 


12.9 



55 



's 
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Table 4-1 



5 


surfactant for 
concentration 


Comparative Example 






4 


5 


6 




kind 


C8H 1 7C $ H 4 0(CH2CH 2 0)nH 


C^HayOfCHaCHsCOnH 


C 8 H 17 0(CH 2 CH 2 0)nH 


10 


n 

amount 


9.0 
10% 




8.5 
10% 




7.0 
10% 




cloud point 


65°C 




49°C 




67.6°C 






67.5% 




65% 




70.5% 


15 


Ml R 

nLD 


13.5 




13.0 




14.1 




dispersion con- 
centrate 








20 


solid content 


65.0% 




70% 




impossible to concentrate 


surfactant 
content 


3.2% 




2.7% 






25 


surfactant for 
adjustment 








kind 


C 8 H 17 C 6 H 4 0(CH 2 CH 2 0)nH 


® 


C 12 H250(CH2CH 2 0)nH | 












© 


C 13 H 27 0(CH 2 CH 2 0)nH 





30 



Table 4-2 



surfactant for adjustment 


Comparative Example 




4 


5 


6 


n 


9.0 


® 


11.7 


@ 8.5 




amount 


2.8% 


® 


2.9% 


@ 0.4% 




cloud point 


65°C 


© 


98°C 


@ 49°C 




EO content 


67.5% 


70.5% 








HLB 


13.5 


14.1 








dispersion prepared 








solid content 


60.2% 


60.5% 








surfactant content 


6.0% 


5.8% 








viscosity 


21.1cp 


24.5cp 








PH 


9.6 


9.5 








specific gravity 


1.523 


1.521 








cloud point 


65°C 


72.7°C 








EO content 


67.5% 


70.5% 








HLB 


13.5 


14.1 
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[Impregnating Properties] 

Glass fibers were impregnated by the following procedure with each of the aqueous polytetraf luoroethylene disper- 
sions obtained in the examples. Used as glass fibers was a plain-woven fabric having a yarn density of 60 warps/25 mm 
5 and 46 wefts/25 mm and a thickness of 0.05 mm and subjected to heat cleaning. 

1) The fabric was impregnated with the aqueous polytetraf luoroethylene dispersion of the example once, dried at 
about 100 °C and baked at about 380 °C for 3 minutes. 

2) The impregnated fabric was immersed in the same aqueous dispersion for impregnation, dried at about 100 °C 
10 and baked at about 380 °C for 3 minutes. In this step, the dispersion was checked for cissing on the fluorine-con- 
taining resin coating. 

3) The step 2) of impregnation, drying and baking was repeated to obtain a fabric having a fluorine-containing resin 
content of about 60 to about 65% . 

15 Table 5 shows the impregnating properties of the aqueous polytetraf luoroethylene dispersions of Examples and 
Comparative Examples. The fabrics treated with the dispersion of Example 3 or Comparative Example 4 were checked 
for the degree of whiteness by a color difference meter, SM color computer MODEL SM-4 (Suga ShikenW Co.. Ltd.) and 
for light transmittance by a haze meter (Toyo SeiW Co., Ltd.). Table 6 shows the results. 

20 

Tables 





Example 


Comparative Example 




1 


2 


3 


4 


2 


4 


5 


Wt. (g/m^Qfgl^ssfa??rs 


47.8 


47.8 


47.8 


47.8 


47.8 


47.8 


47.8 


first impregnation 


96.4 


103.5 


100.0 


105.0 


157.4 


100.0 


107.36 | 


second impregnation 


114.4 


121.3 


116.0 


125.0 




117.6 


entire cissing 


third impregnation 


130.6 


137.1 


132.2 


140.3 




133.7 




amount (g/m 2 ) of resin 
deposited 


' 82.0 


89.3 


84.4 


92.5 


109.6 


85.9 




fluorine-containing resin 
content (%) 


63.4 


65.1 


63.8 


65.9 


69.6 


64.2 




impregnating properties 


O 


O 


O 


O 


X 


O 


o 


amenabilitY to repeated 
impregnation 


O 


O 


O 


O 


O 


O 


X 


whiteness of fabric (as 
observed with unaided eve) 


® 


® 


® 


© 


o 


O 





45 

Table 6 





L value 


a value 


b value 


light transmittance (Tt) 


Ex.3 


56.95 


0.05 


-1.24 


63.7% 


Com.Ex.4 


55.13 


0.44 


1.19 


60.9% 



The L value indicates the degree of whiteness, and the a value the degree of redness. The a value indicates a red- 
dish color when higher and a greenish color when lower. The b value indicates the degree of yellowness. The b value 
55 indicates a yellowish color when higher and a bluish color when lower. The impregnated fabric of Example 3 is smaller 
in the degree of yellowness and greater in the degree of whiteness than that of Comparative Example 4. This result is 
well in match with the result of Table 5 as to the whiteness determined with the unaided eye. 



11 



EP0818506A1 



[Temperature Dependence of Viscosity] 

The aqueous polytetrafluoroethylene dispersion of Example 3 and Comparative Examples 3 and 5 were heated 
from 20 °C to 50 °C and checked for viscosity upon rise of every 5 °C . FIG. 1 shows the results. The graphs shows that 

5 the lower the ethylene oxide content the greater is the viscosity-temperature dependence of the aqueous dispersion 
and the greater is the difficulty encountered in controlling the viscosity of the dispersion for use in impregnation. While 
base materials are actually impregnated with the dispersion usually as controlled to a temperature of about 25 °C . the 
dispersion of Comparative Example 3 has an excessively high viscosity and is therefore unsuited for impregnation. The 
dispersion of Comparative Example 5 has the drawback of cissing when used for impregnation although acceptable in 

io viscosity-temperature dependence. 

INDUSTRIAL APPLICABILITY 

The use of a surfactant having a specified cloud point and specified ethylene oxide content affords aqueous pdy- 
15 tetraf luoroethylene dispersions which have good storage stability without the necessity of using an adjusting surfactant 
or with use of only a small amount of such surfactant 

The aqueous polytetrafluoroethylene dispersion of the invention has excellent impregnating properties and is 
unlikely to release any harmful organic aromatic compound such as benzene into the atmosphere. 

The aqueous dispersion of the invention is further expected to provide coated articles which are diminished in the 
20 residue (carbide) of the surfactant satisfactory in hand (high degree of whiteness) and also excellent in electric char- 
acteristics. 

The aqueous dispersion of the invention further provides a binder for batteries, etc. which has high electric charac- 
teristics, or a coating composition for giving a dear color of high lightness. 

25 Claims 

1 . An aqueous polytetrafluoroethylene dispersion composition characterized in that the composition comprises 30 to 
65 wt. % of polytetrafluoroethylene and a polyoxyethylene alkyl ether in an amount of 2 to 10 wt. % based on the 
polytetrafluoroethylene, the polyoxyethylene alkyl ether being represented by the formula 

30 

RO(CH 2 CH 2 0)nH 

wherein R is a saturated or unsaturated hydrocarbon group having 8 to 1 8 carbon atoms, and n is 5 to 18. having 
a cloud point of over 45 °C to not higher than 85°C and containing 65 to 70 wt. % of ethylene oxide in the molecule. 

35 

2. An aqueous polytetrafluoroethylene dispersion composition as defined in claim 1 wherein the ethylene oxide con- 
tent of the polyoxyethylene alkyl ether in the molecule thereof is 65.5 to 68 wt %. 

3. An article prepared by coating a base material with an aqueous polytetrafluoroethylene dispersion composition as 
40 defined in claim 1 . 

4. A binder for batteries comprising an aqueous polytetrafluoroethylene dispersion composition as defined in claim 1 . 

5. A coating composition comprising an aqueous polytetrafluoroethylene dispersion composition as defined in claim 
45 1 and a pigment, etc. admixed therewith. 



50 
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